Empathy is the ability to feel or understand the experience of another person. What happens in our brains when we feel empathy for someone who is in pain? We showed teenagers pictures of different people in pain (for example, a person who accidentally hit his knee on a hard object) and used a machine that can measure the teenagers' brains in action. The machine focused on an area in the brain that is responsible for empathy. The results showed that teenagers felt empathy toward people in pain, if those people were from the same background as the teenagers. But the teenagers felt less empathy toward people in pain who were from different backgrounds. These results are similar to the results of research on adults, which means that the empathy function in the brain is also working in teenagers. This study shows that science can be used to peek into the brains of teenagers to look at the brain activity that causes feelings of empathy in different situations.
WHY IS FEELING EMPATHY IMPORTANT?
Can you recall a time when a close friend of yours hurt himself? Seeing your friend in pain may have made you feel as if you yourself were in pain. When this happens, we say that you felt empathy for your friend. The feeling of empathy happens when you "put yourself in other people's shoes, " and you can then understand what it feels like when someone else is happy, sad, in pain or in any other experience. So when you see your friend in pain, you may feel his pain, perhaps almost as much as your friend does.
The feeling of empathy is very important for several reasons. First, it is very important for your ability to understand others-to understand what they feel, what they want and why they act the way they do. Second, much research shows that feeling empathy motivates people to care about others and even to help each other [1] . So, empathy can really improve your interactions with your family, friends, and even with strangers. Empathy can lead people to be more caring toward each other, and more helpful. And who would not like to be around people who are caring for and helping each other?
Let us try to imagine it: for example, you see your friend hitting his knee (or any other body part) on a hard object. Now let us imagine that you do not feel empathy for him: you would just talk to him as if nothing happened; you might ask him to join you for lunch or to play a game. But in that moment, your friend is in pain and may need time and help to relieve the pain. Your friend may be upset with you because you do not understand what he is going through, and because you do not really help him in that moment when he really needs it.
But what would happen if you do feel empathy for your friend? Then, seeing your friend in pain, you would imagine feeling the same pain, almost as if you yourself hurt your knee. This would help you to understand how your friend feels in that moment. You would then come to him, ask how he feels, stay with him, and see how you can help. Of course, your friend will still feel the pain in his knee, but your caring and helping will probably make him feel better overall. This is why empathy is a very important feeling.
But how does empathy happen? Where do we feel empathy and how does it work? Well, everything we feel or do is controlled by the brain. So when you feel empathy, your brain is generating this feeling by activating certain areas of the brain that are important for empathy. Research on empathy shows that one of the major areas of the brain that is activated when you see a friend in pain is an area that scientists call S1 [2] . S1 can be seen in the red spot in the cartoon of the brain in Figure 1A . This area of the brain is not only responsible for empathy, but it is also active when you are in pain yourself. For instance, if you hit your knee, the S1 area also activates. This is very interesting, because it means that the pain you actually feel in your body may be similar to the 
S1
Abbreviation for the primary somatosensory cortex, a region in the brain responsible for the sensations in the body.
empathy you feel for a friend's pain. In other words, this may mean that when you see your friend in pain, your brain activates as if you yourself were in pain. This is why sometimes it feels painful to see someone else in pain ( Figure 1A ).
WHEN ARE TEENAGERS MORE LIKELY TO FEEL EMPATHY?
We have been talking about feeling empathy for a friend, but you can actually feel empathy for other people, even for strangers. We feel more empathy for some people and less empathy for others. Some explanation for the different amounts of empathy we feel comes from research in psychology, which is the science of behavior and mind. Some of this research shows that we relate differently to people who are from our own cultural background, compared with those who are not from the same background as we are [3] . In that way, we may not feel the same empathy toward everyone. This is true not only in adults, but also in children-and especially in teenagers. It is very important for teenagers to feel that they "belong" to the society or to a group of people that share the same background. Research shows that this feeling of belonging to a group makes us feel differently about those in our group compared with those outside our group. Examples of different cultures or social groups in Israel (where this research was conducted) are the Jewish and the Arab cultures. So, we thought it would be interesting to study feelings of empathy in members of these cultural groups, and in particular, to study empathy in teenagers from these two cultural groups.
But how can we know what people really feel toward each other? After all, it is difficult to tell how someone feels from the outside. But remember S1? If we can find a way to see when S1 activates in the brain, we can also see if someone
PSYCHOLOGY
The science of behavior and mind. feels empathy or not. And, in fact, there is already a cool machine called MEG that is able to peek into the brain! How does MEG work? The brain is made up of billions of cells that are talking to each other. For example, when you see a picture of a dog, millions of cells in your brain talk to each other so that you can make sense of that picture. If they did not talk to each other, then you would not know that the picture shows a dog. And how do the cells talk to each other? They send an electric signal to each other. When you turn on the light switch in your room, the switch sends an electric signal to the bulb, and this turns the light on. The brain cells do something similar-they send electric signals to each other, to enable us to think, feel, and make sense of the world around us. And do you know what happens when an electric signal is sent? A small magnetic field is created, similar to what would be created by a weak magnet. Because the magnetic field created by the brain cells is very weak, we need to use MEG, which is able to measure these tiny magnetic fields when the cells talk to each other. For a detailed, kid-friendly explanation of how the MEG works, have a look at another article published in Frontiers for Young Minds [4] . After using MEG to measure the signal created by the brain cells, we can use computers to create images and colors. If the signal is strong enough, then we see a bright red spot on the area of the brain where the brain cells were talking to each other. For example, look at the red spot on the brain in Figure 1B . This means that in this area of the brain, cells were talking to each other to create empathy for the person in pain.
EMPATHY INSIDE THE BRAIN
In our study, we looked into the brains of teenagers from either the Jewish or Arab cultures, to check how much empathy they feel toward each other. We wanted to see whether teenage brains react differently toward those who belong to the same background and those who come from a different background. We invited 80 teenagers to participate in our study. We showed each teenager pictures of people in pain. For example, one picture showed a person accidently hitting her finger with a hammer; another picture showed a person accidently stepping on a nail with bare feet. Some pictures showed people from the same cultural background as the participant, and other pictures showed people from a different cultural background. To give an example of people from the same cultural background, we told the teenager that the person has the same ethnicity as they have (for instance, Jewish, if the participant is Jewish, or Arab, if the participant is Arab) and that the person lives in the same city where the participant lives, or in a nearby city. Each participant saw both types of pictures (those showing people from a similar cultural background and those showing people from a different cultural background). By using this design, our findings would be dependent on the background of the people who were feeling pain.
All of this happened inside the MEG room, with the participating teenager wearing a MEG helmet to measure his or her brain activity [4] . This experiment MEG Abbreviation for magnetoencephalography, which is a machine that can map brain activity. It records the small magnetic fields produced by the electrical currents occurring naturally in the brain.
was not always easy, because the teenagers had to stay inside the MEG without moving for quite a long time. MEG is a cool and comfortable machine, but it requires that the participant stay still, so that the measurement of the brain is precise. After the experiment, we looked at the MEG brain measurements of the teenagers. This allowed us to see whether they felt more empathy toward someone from their own background than toward someone from a different background.
What we found was that teenagers felt empathy when they watched people from a similar cultural background who were in pain (Figure 2A) , meaning that the teenagers' brains reacted to that pain as if it had happened to them. But when teenagers watched people from a different cultural background who were in pain ( Figure 2B ), there was less empathy. This experiment showed us two things. First, that we can measure the brain activity of teenagers to find out whether they feel empathy or not. And second, the experiment revealed that teenagers DO feel empathy toward someone from their own background. But, they feel less empathy toward someone who does not belong to their background group. What is amazing is that we discovered all this by peeking into the teenagers' brains! Previous research showed that this difference in the amount of empathy felt toward someone of a person's own background versus a person of a different 
FIGURE 2
Empathy is selective. A. Teenagers felt empathy when they watched people from a similar cultural background who were in pain. B. But when teenagers watched people from a different cultural background who were in pain, there was no empathy.
background happens in adults, and here we see that it happens as early as the teenage years. This may tell us that there is an early brain mechanism responsible for "selecting" which people we feel more or less empathy for. In the future, we would like to know whether difference in empathy also happens in younger children, or even in infants. Previous psychological research reported that children prefer (i.e., feel more positive emotions toward) people from their own group, for example, from their class, school, city, nation etc. [5] . To take that study further, it would be interesting to test whether this preference also applies to empathy, and to figure out whether it is occurring in a similar or a different area of the brain.
This kind of research could be important for understanding the relationships we have with other people in our society and the attitudes we have toward people from different societies or people who belong to social groups that we do not like quite as much as our own group. As children, we may sometimes dislike kids who go to a different school or kids who are on a different sport team. As adults, we may sometimes dislike members of a company that competes against the one we work for, or again, people who support a sports team different from the one we root for. So, learning that these differences occur in our brains and that they show up early in development may help us in our daily interactions with people from other groups. We may come to understand that feeling less empathy for people who are different from us is sometimes helpful, but at other times it may create unnecessary conflicts.
In addition, studying the roots of empathy by looking at the brain can also be used in a constructive way. We could, for instance, organize social activities between teenagers from different backgrounds and use brain experiments to find out whether these activities made the teenagers feel more empathy toward each other, even toward the teenagers from a different background. Experiments like this could tell us which activities are more helpful in terms of encouraging positive interactions and emotions between people from different groups. We hope that our research will eventually have a positive effect on the way different groups get along and interact with each other.
